Forest disturbance sometime considered as a tool of management as it believed that mid level disturbance constructs better micro-climatic conditions which ultimately boost up the plant diversity. The effect of different levels of disturbance on species composition and regeneration is very important. Present attempt was carried out in a temperate evergreen oak forest which was under various degree of disturbance. The study area is one of the large ranges of oak forest in Garhwal Himalaya and compensating various types of daily needs of local people. On the basis of IVI values Quercus leucotrichophora holds first position in all the disturbance zones whereas Myrica esculenta upgraded it's rank in highly disturbed zone and showed less impacted species by disturbance. Berberis aristata and Eupatorium adenophorum in shrub layer and Anaphalis adnata and Bidens pilosa in herb layer were found as disturbance friendly species because they attained higher rank in highly disturbed zone whereas Caryopteris foetida was found disturbance-sensitive in shrub layer. The banj oak regenerated well under mid disturbance as compared to no and high degree of disturbance and a sharp downfall in the species diversity was recorded with increasing magnitude of disturbance. Density-diameter curves showed a reverse trend of lower density in higher girth classes. The results of the study should be useful for the forest management strategies.
Introduction
Biological diversity is essential for human survival and economic well-being (Sagar et al. 2003) and the loss of biological diversity is perhaps the most crucial concern for human survival as it influences all ecological services and livelihoods (Sapkota et al. 2010) . Most of the tropical forests have enjoyed special attention due to high floral and faunal diversity, fragility of their structure and function as well as provision of forest products and ecosystem services (Menon and Bawa 1997) . It resulted into little attention to the temperate ecosystem as a whole. The recurrent interventions into the forest communities for large-scale collection of fuel wood and minor forest products and the practices of grazing and trampling may alter the habitat of many species (Westman 1990 ) therefore, many time the structure of plant and animal communities in many natural ecosystems is largely determined by the disturbances, which occur quite frequently (White 1979; Vogl 1980; Armeston and Pickett 1985) . Himalayan region facing chronic form of disturbance in which people remove only a small fraction of forest biomass in the form of grazing, lopping, surface burning and litter removal at a given time and plants or ecosystems often do not get time to recover adequately because the human onslaught never stops (Singh1998). Although such chronic form of disturbance has negative impacts on plant communities but sometime it acts as a positive force that might increase species diversity in the community by minimizing competition among species. Therefore, a better understanding of interactions between spatial pattern and disturbance is needed (Robert and Gilliam 1995) .
Quercus is a broad-leaved genus of family Fagaceae and has many superior characteristics for its wide acceptance as fuel, timber and nutritious fodder across the Himalaya (Osmoston 1927). These broad-leaved forests of Quercus are considered to provide the most effective water and soil conservation (Saxena and Singh 1982) . Owing to multifarious nature of this genus, most of the species are over-exploited for various purposes. Among these species, Quercus leucotrichophora is worst affected one (Pandey and Shukla 2001; Saxena and Singh 1982) . In Garhwal Himalaya major portion of oak forests is owned by the local inhabitants of hilly areas; therefore, nature and frequency of disturbance are under explored. Under this study, we used several disturbance indicators to quantify the intensity of disturbance e.g. tree density, canopy cover, light interception, number of cut stumps has also been used by earlier workers viz. Mishra et al. 2004; Pandey and Shukla 1999; Rao et al. 1990 etc. Keeping in view the vulnerability and significance of oak species, present study aims to investigate how the community composition, species diversity and tree population structure behave under different degree of disturbance.
Materials and Methods

Study area
The present study was conducted in Diwalikhal oak forest, district Chamoli, Uttarakhand-India. 
Disturbance classification
Disturbance has been measured in terms of percent of canopy cover, lopping (%), tree density, and number of cut stumps. Canopy cover was measured directly by spherical Densitometer. Lopping percentage was calculated as Lopping %=Total number of lopped trees in sample plot/ Density x100. Counting of cut stumps was carried out by direct count from forest floor. By using maximum and minimum values of above said indicators we considered undisturbed forest zone as >1,200 trees ha -1 , >70% canopy cover, <10% lopping and <20 cut stumps ha -1 , highly disturbed as <500 trees ha -1 , <30% canopy cover, >40% lopping, >75 cut stumps ha -1 . The moderately disturbed zone occupied the intermediate position with respect to these parameters. By using these values, the whole study area was divided into three disturbance zones i.e. undisturbed, moderately disturbed and highly disturbed.
Field sampling
To analyze the plant diversity, baseline vegetation survey was conducted by using transect sampling method. Two vertical transects of 100 m width were used under this survey. These transects were spatially distributed to minimize the autocorrelation among the vegetation. In each transect, twenty sample plots/quadrats of (10x10 m=100 m 2 ) at 100 m intervals were laid down randomly for recording occurrence of different species. Number and circumference at breast height (1.37 m) of the tree species individuals were measured individually and species-wise. Two Sample plots or quadrates (2x5 m=10 m 2 ) which were 
Analysis of data
Individuals having >31.5 cm circumference at breast height (1.37 m) considered as tree and <10.5 cm circumference at breast height were considered as seedling whereas intermediate position between tree and seedling with respect to these circumferences was considered as sapling (Knight 1963) . Tree individuals were classified into four diameter classes viz. 31∼50, 51∼70, 71∼90 and >90 cm to understand the population structure. Density, frequency, abundance and basal cover of all the species determined as per Mishra (1968) . The Important Value Index (IVI) for , (Simpson 1949) and diversity by Shannon's index, H=-∑ pi ln pi (Shannon and Wiener 1963) . Here pi represents the proportional abundance of i th species in any given stand. Species diversity indices were calculated using the Biodiversity-Professional version II-1997 software.
Results
Floristic composition of all three disturbance zones is given in Table 1 . Benthamedia capitata, Crotolaria albida, Asparegus spp, Viburnum erubescens, and Valeriana jatamansii were found only in undisturbed zone whereas species like Pinus roxburghii, Artemisia roxburghiana, and Colebrookia oppositifolia, were recorded only in highly disturbed zone. The top canopy layer (tree) was mainly composed of Quercus leucotrichophora, Rhododendron arboreum, Lyonia ovalifolia and Myrica esculenta. It was interesting to see that all the top canopy species lost their density with increasing the intensity of disturbance except Lindera pulcherria and Neolitsa pallens. Sub-canopy (shrub layer) was dominated by Caryopteris foetida, Berbaris aristata and Myrisine africana in the undisturbed stand, whereas the dominant species recorded in moderately disturbed stand were Myricine africana and Berbaris aristata. Caryopteris foetida was found dominant in the highly disturbed stand. Q. leucotrichophora was found first in species ranking in all disturbance categories whereas Myrica esculenta found in better position in highly disturbed zone (Table 2) . Caryopteris foetida lost their top rank in disturbed zones while Berbaris aristata got better rank (Ist) in highly disturbed zone ( Table 2) .
As far as the seedling and sapling density was concerned, Q. leocotrichophora was the dominant species in both seedling and sapling stages in all disturbance zones. Rhododendron arboreum, Lyonia ovalifolia in seedling stage and Rhododendron leucotrichophora. The seedlings of Lyonia ovalifolia and Rhus punjabensis and saplings of Myrica esculanta and Sorbus aucuparia were highest in moderately disturbed zone, while seedlings of R. arboreum and Lyonia ovalifolia and saplings of R. arboreum were found highest in highly disturbed zone (Table 3) .
Diversity
Shannon Diversity Index decreased with the increasing magnitude of disturbance in tree species. It was recorded 0.633 for undisturbed, 0.593 for moderately disturbed and 0.517 for highly disturbed zones. Similar trend was recorded in shrubs and herbs species for this index. On the other hand, Simpson Dominance Index was recorded increasing with increasing level of disturbance in all three layers of vegetation and ranged between 0.400 to 0.549, 0.238 to 0.101 and 0.124 to 0.163 for trees, shrubs and herbs respectively (Table 4) .
Density-diameter distribution
The density-diameter distribution is directly correlated with age-structure of the stand. Density of higher diameter classes was found low in all the three disturbance zones (Fig. 1) . Moderately disturbed zone showed a slight increment in last diameter class (>90 cm) than previous diameter class (71∼90 cm). The density of first diameter class (31 to 50) deceased with increasing intensity of disturbance and slight downfall in density was found in the second diameter class (51 to 70 ) from undisturbed to moderately disturbed but it was found more or less similar in moder- ately and highly disturbed zones. Third diameter class (71 to 90) exhibited similar density in undisturbed and highly disturbed stands while moderately disturbed stand showed highest density for this class. As far as the fourth diameter class (>90) is concerned, the highest density was recorded in moderately disturbed zone followed by undisturbed and highly disturbed zones (Fig. 1) .
Discussion
In the present study, we found decrease in total number of species along the disturbance in case of tree and herb may reflect high exploitation pressure (Sagar et al. 2003) . Presence of Asparegus spp, Viburnum erubescens, and Valeriana jatamansii only in undisturbed zone showed the vulnerability of these species towards disturbance. The pressure on these species in study area might be due to their medicinal properties. Pinus roxburghii was only recorded in the highly disturbed zone which advocated that disturbance promotes the invasion of pine in oak zone. The biotic stress exerted by hill population in relation to oak species has encouraged the expansion of Pinus roxburghii (chir pine) in various ways (Saxena et al. 1984) .
Quercus leucotrichophora showed it's supreme importance in all the disturbance zones which reflects its strong ecological strength in it's pure stand. Species like Myrica esculenta gained its rank in highly disturbed zone which showed a minimum disturbance pressure on it. The reason of this low pressure is the protection of the plant as it is an economically potential wild fruit's plant. Many shrub species like Myricine africana, Berbaris aristata and Caryopteris foetida performed better in disturbed zone which might be the result of better microclimatic condition created by the disturbance on forest floor which suited to shrub flora. Regeneration status (seedling and sapling density) of Quercus leucotrichophora was found highest in moderately disturbed zone which indicating that the regeneration is triggering by mild disturbance. Thadani and Ashton (1995) also concluded that moderate disturbance appears to benefit regeneration. The density of higher dbh (diameter at breast height) classes was found low in all three disturbance zones showed uneven aged forest stand (Schmelz and Lindsey 1965) . It also indicates the selective felling of individuals of higher girth classes in the study area where people often cut mature trees for fuel-wood during various ceremonies. Moreover, over aged tree exhibited less resistant against diseases. The study also illustrated that Shannon Diversity of tree, shrub and herb decline while dominance increases along disturbance which is already confirmed by Sapkota et al. (2010) . The study revealed a clear relationship between disturbance and plant community with negative and positive collisions. Thus, there is an urgent need to evaluate the level of disturbance at which we can permit the removal of forest resources without losing ecosystem health.
